Introduction
The primary aim of this paper is to consider the relationship between team composition and team results in international test match cricket. The paper argues that there is a relationship between team composition and team outcome but that the causal nature of that relationship is not always clear. In making these arguments, the paper is organised in a straightforward manner. The first section considers the literature on team dynamics and highlights the uncertainty in the literature about the direct relationship between diversity and results. The section considers the main ways in which diversity has been examined in previous studies and suggests that examining diversity on the basis of performance and competitive orientation is useful as it cuts across demographic, psychological and temporal boundaries which form the basis for most studies to date. The second section explains the methodology employed in the study through a discussion of the measurement of performance and competitive orientation in international test match cricket and the selection of a sample from which reliable and valid conclusions can be drawn. The following section presents the findings from the research and focuses on explanations as to why the best and worst teams have the results they do and why other teams find themselves within certain clusters. The final section offers a discussion of these findings in relation to the theoretical grounding of the paper and, in doing this, provides conclusions and suggestions for future research.
Literature Review
In defining a team, much of the literature offers the view that a team is characterised by being a collection of two or more individuals. It is, however, important to go deeper in order to differentiate a team from, say, a group. In making this distinction, Cohen and Bailey (1997) and Guzzo and Dickson (1996) suggest that it rests on the identification and recognition of the team as being a social entity not only by members of that team but also by outsiders. Cohen and Bailey go further and suggest that identification may be developed through a team having a clear purpose that is shared and accepted by all members and understood by outsiders. Again, what may differentiate a team from other collections of individuals is the issue of interdependency. Mattieu et al (2000) suggest that central to any team are "people who interact dynamically, interdependently and adaptively" (p. 273) where both the actions of individuals and the behaviour and outcomes of the collective, are determined by the relationships within, and constituents of, the team. This view of teams as "complex, adaptive and dynamic systems" (McGrath et al, 2000, p. 95) means that the study of team composition is a necessarily complex one. Le Pine et al (1997) suggest that this complexity is the product of the vertical and horizontal characteristics of the team where vertical characteristics refer to issues of power distribution within the team and horizontal characteristics refers to the distribution of expertise. This suggestion that a team will be a hierarchy with different elements of knowledge, skills and abilities distributed across it is reasonably common across much of the literature and, for example, gives rise to Salas et al's (2000) different dimensions across which the nature and working of a team can be analysed. These different dimensions include the capacity of the team to adapt to both internal and external changes, the monitoring of both team and individual performance, how teams are led and managed and the roles of communication and decision making in team processes.
One of the most popular analytical models used in the investigation of team dynamics is the input-process-output (IPO) model (see, for example, Barrick et al, 1998) which suggests that what is achieved by any team is the result of the relationship between the elements which go into creating that team and what happens inside the team. The key issues for the inputs of the team include the attributes of its members, the number of members and how they are structured and organised along with the goals of the team and rewards that may accrue from meeting those goals. Like Salas et al, Barrick et al suggest that some of the key process issues are communication, leadership and conflict management. McGrath et al develop this point further and suggest that the results obtained by any team are the results of a number of dynamics. For example, at the broadest possible level, the contextual dynamics of a team determines the size and depth of the talent pool on which the team can draw its members which, in turn, shapes the global dynamics of the team and how variables such as status, leadership and performance influence outcomes. Finally, the local dynamics of the team considers the activities carried out by different elements within it.
In analysing half a decade of team research, Bettenhausen (1991) suggested that there will always be more questions than answers about what makes for an effective team and that any judgement will always be influenced by the type, location and purpose of the team under examination. This uncertainty is reflected by Barrick et al who argue that whilst "the composition of the team has long been hypothesised to influence team processes and outputs" (p. 377) it is still the case that "little is known about the relationship between team composition variables and team effectiveness" (p. 387). This theoretical and empirical deficiency is, however, not universally accepted. Guzzo and Dickson, for example, argue that the effectiveness of any team is determined by a combination of design, process and operating conditions and conclude that "team effectiveness is well served by diverse members" (p. 331). This view is shared by Katzenbach (1997) who also identifies key issues in team effectiveness such as purpose, the skills mix, commitment and accountability.
In discussing effectiveness, Cohen and Bailey argue that team composition is one of the most important factors. Internally, composition matters because it plays a fundamental role in a series of design activities which may determine the overall role that the team is to play: The interactions between members, what Cohen and Bailey call "process factors", and the shared understandings of members, "psychosocial factors" are crucial in the ability of the team to meet any challenges from external turbulence (pp. 243-244) . Stevens and Campion (1994) suggested that a useful way of thinking about this composition dimension is in terms of knowledge, skills and abilities (KSAs). Diversity is an important issue and the recognition that each individual member of the team will have a different blend of KSAs, some of which can be characterised as "interpersonal" such as collaboration and communication and some as "self-management" such as goal setting and task co-ordination (p. 505). Woodman et al (1993) examine these composition issues in the specific context of creativity and note that, as an outcome, team creativity "is not the simple aggregate" of its members but it is "clearly a function of the creativity of individuals" (p. 304).
In examining how teams are created, Barry and Stewart (1997) offer a perspective based around how individuals make contributions to teams in which they are members. Elaborating on the IPO model, they suggest that the inputs required by any team will fall into two categories: First, task inputs which involve the productive needs of the team such as ensuring that individuals fulfil their own roles and responsibilities and, second, socio-emotional inputs which focus more on the people aspect of the team and involve the facilitation of interactions. Jackson (1992) goes further and identifies three broad areas where how a team is assembled will have a significant effect; the ability of the team to be creative, the ability of the team to solve problems and the ability of the team to execute the task for which it was formed. Reagans et al (2004) develop this issue of blend further and draw attention to two significant barriers to getting the right blend of people. First are political barriers whereby circumstances may dictate the inclusion or exclusion of certain individuals and, second, there are resource barriers whereby the pool of KSAs available to any organisation will always be limited.
Team composition is a central feature of much of the literature on team processes especially in the areas of team diversity and its impact on what teams achieve and how they achieve it. For example, Wiersema and Banter (1992) discussed the issue of diversity in relation to how it may affect teams in four areas: The receptivity of the team to change, the willingness of the team to take risks, the openness of the team to different perspectives and the ability of the team to act in an innovative or creative manner. Wiersama and Banter's conclusions were that each of these were affected by the diversity of the team without there being any hard and fast rules about what those effects would be. This lack of clear conclusions is echoed by Harrison et al (2002) who suggest that "paths linking work team diversity to team functioning and performance outcomes are complex" (p. 1029). The main cause of this complex relationship is the evidence that diversity has both positive and negative effects on team processes and outcomes. On the one hand, evidence suggests that low levels of diversity can have a positive effect on team cohesion (see, for example, Perretti and Negro, 2007) but can have a negative effect on creativity, innovation and excitement (see, for example, Stahl et al, 2007) .
Harrison et al identified two main types of diversity which have been the focus for much research in this area. Diversity has been examined in demographic terms through, for example, the age, gender or race of team members. It has also been examined from the perspective of psychological diversity and issues such as the personality, values, attitudes and beliefs of team members. In examining demographic diversity, Hambrick et al (1996) suggest that young and highly educated teams may be more innovative whereas psychologically diverse teams tended to have a higher propensity for action. Hambrick et al concluded that, across these two types, "diversity enhances the breadth of perspective, cognitive resources and overall problem solving capacity" (p. 662). The third type of diversity, which has appeared more prominently in the literature in recent years, is that of temporal diversity which focuses on the dual issues of how long a team has been together and how frequently new members are introduced into established teams (see, for example, Katzenbach). In both cases, low levels of diversity in stable teams has the benefit of improving team processes but the drawbacks of reducing creativity and the skill pool on which the team draws. In cutting across these types of diversity, we now turn to discuss the performance and competitive orientations of team members. Adcroft and Teckman (2008) define performance orientation in terms of the internal characteristics of any sporting team; "its collection of activities and systems and the way in which they are managed" (p. 603). Thus a team with a high performance orientation will have a strong internal focus (Simons et al, 2000) which will tend to concentrate on the contributions of each team member. For example, Huddleston and Garvin (1995) argue that what matters is the effectiveness of individual contributions and processes much more than any collective or shared team outcome. Thus for both the managers and members of such teams, Stiles et al (1997) identify the importance of rehearsal and practice of set routines and patterns of behaviour and the need for those teams to operate in relatively stable environments if they are to succeed. By way of contrast, Adcroft and Teckman suggest that a competitive orientation is much more externally driven and focuses on the relationships between competitors in any given contest. This competitive orientation, rather than being concerned with team processes, is concerned with outcomes and what Ryckman et al (1997) describe as a need to "compete and win (and avoid losing) at any cost" (p. 271). A competitive orientation is summed up by Gatignon and Xuereb (1997) through the development of a competitive advantage by innovating and taking risks.
In discussing performance and competitive orientations, three points are crucial for the purposes of this paper. First, teams will exhibit a blend of performance and competitive behaviours. Adcroft and Teckman discuss this issue in terms of positions that any given team may occupy ranging from the ideal position where there are high performance and competitive behaviours to a worst position where low levels of each orientation are exhibited. Second, a team's blend of performance and competitiveness is determined by its membership which follows on from Woodman et al's conclusion about team characteristics being a function, rather than an aggregate, of its individual members' characteristics. Finally, the diversity of performance and competitiveness in a team cuts across the traditional lines of enquiry into diversity; it is a function of demographic, psychological and temporal diversity. The next section of the paper explains how these theoretical issues are to be examined in the context of international test match cricket.
Methodology
Test match cricket is an ideal sport to examine the blend of performance and competitiveness within competing teams for both theoretical and practical reasons. Test match cricket is a useful illustration of Reagens et al's point about the availability of finite resources; given the strict eligibility criteria that must be met before a player can play test match cricket, all teams will have access to limited playing resources and, by implication, a limited pool of KSAs on which they can draw. In examining how these finite resources are blended to deliver individual performances and collective competitive outcomes, we draw on the characteristics of performance and competitive orientation in a sporting context developed by Adcroft and Teckman which are shown in Table 1 . Source: Adcroft and Teckman, 2008, p. 605 In practical terms, cricket is a multi-dimensional and complex sport and so, at any given time, teams will be engaged in different activities: one team will be trying to score runs and the other will be trying to take wickets. This gives rise to a whole series of possibilities in terms of measurements and variables; the statistics in this paper are all taken from the website www.cricinfo.com which is the definitive source for cricket statistics. Performance and competitive orientation can be measured in a number of different ways which can be applied without bias across all teams. Cricket is a sport where the test match version is played by a relatively small number of countries and so it is simple to generate a genuinely representative sample. We begin, therefore, with an explanation of how we have determined a sample of matches to be analysed. We now turn to discuss the composition of the player sample for each team. There are two specific problems that the selection of players has to overcome. First, there will always be a number of players who play too few matches for any meaningful analysis to be carried out. For example, 15 players who represented Australia in the sample did so on 5 or fewer occasions. The second problem is any sample of consecutive matches will automatically include either players who are at the end of their careers or players who are at the start of their careers. For example, Mike Atherton played over 100 test matches for England but only the final quarter of these were played in the time period under discussion whilst Shahid Afridi has played roughly the same number of games in the sample for Pakistan but these were his first appearances in test matches. We have mitigated the effects of this by only considering players who have played in at least 20% of the test matches under examination for each country. The details of our player sample is contained in Table 2 below. A key issue is how these measures can be amalgamated in a way that is coherent and allows for a review of the overall position in terms of performance orientation. In following previous research in this area we have decided to use index numbers as the basis for creating an overall performance measurement score. The result of each of these measures has been indexed with the leading player based at 100. The totals for each measure are added together to give an overall score for performance. For the ease of interpretation, this score is then indexed with the highest scoring individual based at 100. An example for this for 8 of the 85 batsmen in the sample and 8 out of the 57 bowlers in the sample is shown in Table 4 below. Source: www.cricinfo.com
In shifting from performance to competitiveness, our assumption is that players with a high competitive orientation are more likely to perform well when the challenge faced is at its highest. It is, therefore, reasonable to briefly discuss what we would expect to see from a competitive player in test match cricket. The theoretical basis of the paper would suggest such a player would have an ability to contribute to the team even when not performing at an optimal level and an ability to perform under the most testing conditions such as in matches played away from home or against the best opposition. We have generated five measures of competitiveness in batting and 7 measures in bowling which we have grouped into three categories: Team Contribution, Unfriendly Circumstances and Quality of Opposition. As with performance orientation, Team Contribution measures the ability of individual players to contribute positively to the team dynamics under testing conditions and so measures the extent to which a batsmen can bat for long periods or a bowler take wickets when faced with high levels of internal competition. The measures for Unfavourable Conditions focus on performance overseas. All the measures used are presented in Table 5 . The quality of opposition is assessed on the basis of batting and bowling performance discussed earlier; the intention is to see how individual batsmen fare against bowling of varying quality and how individual bowlers fare against batting of variable quality. We assume that competitive players will score runs or take wickets against the best opposition. In calculating the quality of opposition, an average is taken of the performance scores of all batsmen and all bowlers for each team which is then used to provide a weighting for each players performance. This process is illustrated in Table 6 using Australia and the West Indies as examples. Under this weighted calculation, runs scored against the best bowling carry a higher value than runs scored against weak bowling and, similarly, wickets taken against the best batting carry the most weight. The implication behind these weightings is that it is considerably easier to score runs and take wickets against the West Indies than it is against Australia: On a like for like basis, a run scored against the West Indian bowling attack is worth 0.82 runs scored against the Australian bowling attack and an Australian wicket is the equivalent of 0.72 West Indian wickets. Table  F summarises the calculations made to assess the competitiveness of individual players for the same examples used in Table 7 . Source: www.cricinfo.com
The final issue for this section of the paper is to explain how the results of the analysis will be presented. The first step in this process will be to plot the performance and competitiveness scores on the chart in Figure 1 . In plotting batsmen and bowlers on this chart, each player will occupy one of four general positions which are represented stylistically in Figure 1 . The first position, the ideal position, will be occupied by those players with both high performance and competitiveness scores. These will be those players whose runs scoring or wicket taking is consistently high regardless of who the opposition is or where the match is played. The second position, competitors, will be occupied by players whose prime contribution to the team will be through their competitiveness; these are batsmen who will, for example, perform best against the best opposition or bowlers who may focus their wicket taking on top 6 batsmen. The third position, performers, will be occupied by players who will tend to contribute most to the team when competitive pressure is lowest. These may be batsmen or bowlers whose best performances are in matches played at home or against relatively weak opposition. The final position, the worst position, is for those players who contribute the least in term of both performance and competitiveness. For example, these players may be all rounders who offer just average performance with both bat and ball.
Findings
As one of the aims of this paper is to consider the relationship between a specific form of team diversity and the outcomes enjoyed by teams in test match cricket, we begin this section with a discussion of outcomes. Table 8 summarises the results of the 100 matches played by each team in our sample and identifies a number of key issues for the analysis which follows. Two teams stand out clearly from the sample. First, Australia stand out as having significantly better results than everyone else: Over the period, they have won over a third more matches than their nearest rivals and have lost just half the number of matches of their nearest rivals. Second, the West Indies stand out as being significantly worse that all the other teams in the sample having won less than one in five matches played and lost almost two-thirds. The remaining six teams can be broadly aligned into two groups. The first group (South Africa, England and Pakistan) can be grouped together as they have a very similar level of wins, losses and draws and, for the same reason, India, Sri Lanka and New Zealand can also be grouped together. From this we would identify two questions which will frame the presentation of the results and analysis of the performance-competitiveness orientation composition of each team. The first, and most obvious question, is why are Australia so good and the West Indies so bad? The second question focuses on the two groups of remaining teams and concerns the extent to which there may be similarities (or differences) in composition which could help explain the similarities in results achieved.
Before addressing these two specific questions, we first discuss the issue of temporal diversity and Table 9 offers data on the number of players used in the 100 matches played by each team and the average number of appearances made by each player. This suggests a possible relationship between team outcome and the longevity of team membership. For example, the best team, Australia, has used the fewest players in the sample and has the most experienced players in the sample. On the other hand, the West Indies (along with Pakistan and New Zealand) have used the most players and have picked teams with the least experienced members. The literature on team diversity (see, for example, Katzenbach, McGrath and Bettenhausen) would suggest that these characteristics would bring benefits to Australia in terms of experience, stability and the development of efficient team processes but it remains unclear as to what is the cause and what is the effect in the relationship between team longevity and results; Have Australia been the most successful because they have had the most experienced and stable team or is that success the precondition on which stability is built? We now turn to discuss the performance and competitive orientation composition of the different teams and begin with a consideration of the best and worst teams in the sample. Figure 2 presents the composition diagrammatically for the batsmen in each team's sample. The most obvious difference between these two teams is that Australia's batsmen tend to be located towards the top of the spectrum and, with a couple of exceptions, the West Indies batsmen are located towards the bottom; 60% of Australia's batsmen occupy the Ideal Position or Competitor boxes compared to the 80% of West Indies batsmen who occupy the Worst Position and Performer boxes. This suggests that there are two distinct types of diversity present in the two teams. The Australian diversity clusters around high levels of competitiveness whereas the West Indian diversity tends to cluster around low levels of competitiveness.
Figure 2:
Australia and West Indies performance and competitive orientation: Batting Source: www.cricinfo.com
The composition of the bowling dimension of each team, as shown in Figure 3 , has a similar pattern; over the course of the 100 games under consideration, Australia have two of their six bowlers occupying the Ideal Position box compared to the West Indies who have three out of seven bowlers occupying the Worst Position box. The obvious point to make from this evidence about batting and bowling is that the main advantage Australia draw from this team composition is the combination of players who can make a contribution to team outcomes across the whole of a test match and under a variety of conditions. For example, the evidence suggests that the Australian team has the performance characteristics which can put them in a position where winning a match is a real possibility and also the competitive characteristics which allow them to drive home that advantage. The West Indies, on the other hand, do not have the performance characteristics to put themselves into positions where winning test matches is possible on a consistent basis and, even when they do, they lack of the necessary competitive dimension to their team dynamics which would allow them to take advantage. The most striking difference between the two outstanding teams and the first group of teams (South Africa, England and Pakistan) is that the group of teams have many more players located in the centre of the performance-competitiveness matrix. Figure 4 shows this point in terms of batting where the overriding difference between these teams and Australia is that South Africa, England and Pakistan have many players who can offer either performance or competitiveness whereas Australia have a significant number of batsmen and bowlers who can offer both. In batting terms this issue is further compounded by all three teams having a significant number of players at the bottom of the performance-competitiveness matrix who make a limited contribution in both areas. In the cases of South Africa and Pakistan, any strength of the team at the top end of the matrix would seem to be, at best, negated by even more significant weaknesses at the bottom. With one exception, as Figure 5 shows, none of these three grouped teams have any bowlers who can offer both high levels of performance and high levels of competitiveness. Given the limited bowling resources available to all teams in test match cricket, the outcome of this composition is that these teams will be made up of bowlers who are likely to, for example, take wickets in either a less pressurised first innings before the result of the match is decided or competitive bowlers who can take wickets in a second innings under more pressure but, frequently, after a match's outcome is pretty much decided. The combination of scarce resources and a limited set of KSAs within those resources is a reasonably convincing explanation as to why these teams have been unable to move up a level and secure the results enjoyed by Australia. The analysis and conclusions from the data become much less clear, however, when we consider the final three teams in the second grouping from the sample. For example, if we consider batting (see Figure 6 ) we see that whilst there is a large degree of similarity in results between these teams there is less similarity in terms of composition. Whilst New Zealand and Sri Lanka share very similar composition characteristics with players located towards the bottom end of the matrix, the case of India is in marked contrast with a batting composition that more resembles that of Australia than it does that of the West Indies: The composition of the Indian team has three players occupying the Ideal Position box and just one player in the Worst Position box. The bowling characteristics of these teams does, though, suggest a possible explanation for their overall poor results. In all three cases, there is a clear tendency for bowlers to be located towards the bottom of the performance-competitiveness matrix and this is most striking in the case of New Zealand who have no bowlers who even come close to occupying the Ideal Position box. On the other hand, both India and Sri Lanka have one bowler in this position but, as we have seen before, strength at the top cannot always overcome significant weaknesses elsewhere. This evidence may also suggest that it is strength in bowling, rather than batting, which is more important in determining the outcome of test matches; the real and overwhelming advantage enjoyed by Australia is the blend of performance and competitiveness which gives them strengths in both areas.
Figure 7:
India, New Zealand and Sri Lanka performance and competitive orientation: Bowling Source: www.cricinfo.com
We now turn to conclude the paper by reflecting on these findings in relation to the literature review with which the paper commenced.
Discussion and Conclusions
The most obvious conclusion to draw from the theory and evidence presented in this paper is that, whilst measuring the outcomes of a team activity is simple and straightforward, especially in a sporting context, identifying and measuring the causes of those outcomes is much more complex and difficult. This can hardly be a surprising conclusion as it fits in neatly with Barrick et al's point about the general uncertainty in the literature about this relationship. What the evidence in this paper does suggest, however, is that perhaps the relationship between outcomes and processes if not so much a linear relationship, as implied by the IPO model, but rather a circular one where, over time, a run of results will inevitably have an impact on inputs and processes. Where results go badly, teams will be more likely to make changes to their composition and how that composition is managed and organised. Even with a sample of matches as large as ours, all we are able to offer is an (extended) snapshot of one period in a much longer cycle which may be a weakness others would like to remedy.
If the evidence is unclear about the causal relationship between composition and outcome, it is still possible to draw some clear conclusions about diversity in teams, albeit conclusions which are probably specific to this particular context. In terms of temporal diversity, the best team has the most experienced players and is the most stable compared to the worst team which is amongst the least stable and has the least experienced players. Similarly, the best team has the best players and the worst team has the worst players. Finally, teams grouped around the middle in terms of outcomes and results have a collection of players who cluster around the average. Again, there is little controversy between these conclusions and the established theory on the issues although they do raise some interesting questions about the dynamism of sporting contests. Over the long term, in our case 100 matches spread over nearly thirteen years, the best team will always come out on top but, in the shorter term, that is not always the case. In 2005, for example, England were able to beat Australia despite having poorer playing resources available. This could be explained by Woodman et al's point that team characteristics are a "function" of individual characteristics rather than an aggregate and it raises important issues about why such outcomes are not always sustainable.
If conclusions about composition are difficult to sustain, conclusions about activities in a team context maybe easier to draw. In the game of cricket, some activities are more important than others in determining outcomes. For example, bowling may be more important than batting for the simple reason that you may only need to bat once to win a test match but you always have to bowl twice. Focusing resources on the most important activities is a key less on from this although both the theory and practice show the limits of what is possible. Test match teams, like most organisations, operate from the basis of limited available resources. Reagans et al's argument about a finite poor of available KSAs offers an accurate reflection of this problem in cricket and raises the issue of compromise; international teams will never be able to muster players who all have high levels of performance and competitive orientation and must make the best of what they have available. On the input side, this raises key questions about where those resources come from and how they can be generated.
In a paper of this scope and this length, it is inevitable that it will offer more by way of illustrating controversies and debates than it will in terms of settling controversies and debates. Whilst we are reasonably clear and certain about what our analysis means in the specific context of test match cricket, we are much more equivocal about what all this means in the wider discussion of team dynamics, team composition and their relationship with team outcomes. Our main conclusion will always be that there is still much more work to be done before these issues are settled once and for all.
